Searching PAJ 



1/2 ^— v 



PATENT ABSTRACTS OF JAPAN 





(1 1 publication number : 


09-251 967 




(43)Date of publication of application : 22.09.1997 


(51)Int.CI. 


H01L 21/28 
H01L 21/3205 
H01L 21/8238 
H01L 27/092 






(21 Application number 


08-058865 (7 1 Applicant 


: FUJITSU LTD 


(22)Date of filing : 


1 5.03. 1 996 (72)Inventor : 


FUSHIDA ATSUO 
GOTO KENICHI 
YAMAZAKI TATSUYA 
SUKEGAWA TAKAE 
KASE MASATAKA 
SAKUMA TAKASHI 
OKAZAKI KEISUKE 
OTA YUZURU 
TAKAGI HIDEO 



(54) MANUFACTURING METHOD FOR SEMICONDUCTOR DEVICE 



(57)Abstract: 

PROBLEM TO BE SOLVED: To form a cobalt silicide 
layer wherein a spike is hard to occur on the bottom 
surface, relating to a manufacturing method for a 
semiconductor device containing a salicide process. 
SOLUTION: On the upper layer part of an impurity 
diffusion layer 9 of a silicon, an amorphous layer 1 1 is 
formed by ion implantation, and after an cobalt film 12 is 
formed on the impurity diffusion layer 9, the cobalt film 
12 and the silicon in the impurity diffusion layer 9 are 
made to react each other in the first thermal treatment, 
so that a cobalt silicide layer 14 made of CoSi or Co2Si 
at low temperature is formed on the upper layer part of 
the amorphous layer 1 1. Then, no-reaction cobalt is 
removed, and in the second thermal treatment, the CoSi 
or Co2Si constituting the cobalt silicide layer 14 is 
decomposed into CoSi2 for lower resistance, and at the 
same time, the cobalt silicide layer 14 is made protruded 
up to the depth of the initial amorphous layer 1 1 or 
further. 
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cm * y&Afcz. vfflbnm 1 1 u stcaA 

^ MR 1 2 &TOMtt£ftJB 9 co±.t,zmi8. Wrftfc, 1 m 
Bc7)SftMatc «t 0 H« 1 2 i: ^RKitttKIMi 9 ftcr, 

iaT'CoSiXf2:Co 2 Si J: 0 n^/P h v- U-tf VM 1 4 

-T-l)CoSiX{i:Co 2 Si £CoSi 2 £^tS-£TffififiMfc;-f S 
fc *> zirt)V b ^ U 1M YM 1 4 &ftg!£#HMMi 
1 l<3«3fcElt**ftJ:9fc»<A9&±*&Ig«: 
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Mate J; 9^f$«BflI£-^J&-t6iek . 
T»3E^«SfllfclMlOJJia5fc:7aR*-Y * J'&A-f £ - fc 

utEay-ou hmt mttfflMtmmzm i oi&Kfc «t 9 

JBJfeLT. HUlB^ H B B «a»±«a5^Co 2 Si XiiCoSiiO 

nwjgizx'otofiik-t&ztizj:*). itnecojSi xc±coSi 

£CoSi 2 fc^tSHir&fcfctfc:, llBnA/wi-.vy-'M 

[ff*3i2 ] msm i ^as«i4 5 o°cvj.TT'h& <r t 

i it^Ji 3 ] mmm 2 ^i&gte . 500 icELtc* -a t 

v^-r i swat sst*JS 1 iB««^#^a«»it* 
a. 

*Vt>iZ k ZftWlk-t&m 1 IB«co¥^^Sco 

[ff*3S7 ] mi7)V-?—*7M&8 X 1 0 13 atoms/cm 2 
IJLhT-f *y&AZtl. mSE^Vayi±8X 1 O 14 ato 
ms/cm^jyjiT'f ^"^JiA^iX. mflBat^±8xl 0 13 at 
oms/cm 2 ~5x 1 O u atoms/cm 2 j-y&AZtl&Z 

[0001] 
[0002] 

JJHtOX t •- K-ffcttifcS'* t < , USA 3 85ciB*flyi* 
*>4J:3fc:$:oT#jfc. £«Oj:d$riSttflBrtUi, CMO 
SitT&fc. BKEOCMOSxA-f *I4. hJ&W). 



0. 1 ~0.05//mOCMOSx>'^^.i>#fr&$iXTV^. 
L*»U y-HfeW).35/zmJ: V b'bZKZc&'fJU A 

[0003] MOS bjyiSAfUZ&^X. i^g — hf" 
ir*/W»*'5rif*ftl^.SfcftfcifilWB*»<'tSI:, 

Sfl/C^S. -e^^'J-f-f Kfc LT(±. TiSi 2 , CoS 
i 2 , NiSi^i:^ff^* i fflV^ix-l»o 

[0004] mz, y-K y— fhxosjsc 
jtxefc:ov%r»wri. 020(a) £^±3 

IC. ^y=?>^J£l01 <7)3*>L0C0S l!-ft.Ml02 tiot 

1. <o i5ooAm£<r>mm<vx vzs»x ymoA *&&r 

i. 

[0005] mz. 120(b) liZTFTtZodz^ XVisV 

*y&XLtzmz. tfvisvziymm *^?-~yy 
Lxy-vw&m z&m-z. z^mzmnmz^ 

02 0(c) (C^-rid^CVD&fciOlOOOAgJg^W 

h&X'm-t>®.^vi-yy*'^K ^^yufciw 

[000 6] •f-cOfgC Wfc-f*>^LTaN^H!NB 

SEAJ1108 *»*Lfc«fc:. m^WMzxmm km 
^mm&Am\o& ^nmsm^zx^mtL. ztnz 
<t 9 y- h 105 coMifflw ^ y r? ya^ioi cldd 

fflit«y-xai09 fcFWfSllO Sr^-fSifcfc 
5r-l.. <^t, y^-y^r-K^ yiltci^^-hmflSlOS 
, y-xaio9 . Hu-^yano ^K^ix<7>mm^ 
vxywum ismum) zmzLtzmz, 020 

(d) tZTjktXilZ lOOAmK^^y^l/hMlll k 300A 
SJg^-ft;^-^VJWll2 ZMtfLL. 550 «C30^RTA(ra 
pid thermal annealling) WMtiZ J; ->t i^U 1M H-fkL 

[0007] 02 0 (e) tC^f i 0 fcBftf-^ 

^ffitll2 fc*RJ&03A/i/MRiiii:*|ife*L, Sibt=8 
50 °C30#ORTA SaaS-ftV^ ^^tCi 9^'-b«@105 

, y-xsio9 rx/y\s4 ymm comffiizBi&zti 
tzaj^b^V^ vmiu&ZL>t / z{&i&fflt-?&. 
COX o Srfl- U-^-f h'fe»{iS*W^rlST'$> 9 . -eoeJt 
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[0008] 

>J tM F JitfflBtRIi . V-XMB.V F U -f VJBtfSi "> 
^fcliWtBHBttiv^. Witfl 0 Onmgjgi-ca 
<3r-?T<£i:. y-?«8W«ft. Ji W-< i S:4i:V^I3J 
JHtf&S. -eoj^Ht LTJi. rJA/Pb^ynM F/I<7) 
Ic#>£>;m';Pb^y-tM F<7)^^M ?*«MLty-X 

[0009] Z.<n X 3$rRIHfc:«*'C*rS*i 

[0 0 10] 

5R»*fisiwi 9.10 *m®.-t&JMt . ws^mm 
l^jBuw-iiefc, tin b^wji i i<o 

ifca^HRl 2^m^-thTMt. WSBa^MR 

12k msppmrnsscm 9, i o *ss i <o&sazx dsd 

3ft LT. ffii&EAWfl 1 OJJiflJfcCo, SiX(±CoSU 
IWEn^hKl 2 SZEgi:, lufB^y^hi- 

y im f a 1 4 2ai>'HuiB^%t£twi 9 , i o && 2 o 

iBKKiiOMfe-tiifcfci'J, frlBCo 2 Si XliCoSiS- 
CoSi 2 fc:^ffc$-t!r£i: mrfBn^'A'Fi'y-^M F 

« 1 4 £ttSE#Ara 1 1 1 m tmx&ffl®mnm 

[0011] '±jR*m#2Si098&i&tzte^X. mi 

ssiosatus oxzaTTh^^k^mmk-th . ± 

ftB<0«3t*ftttJV^T. MIB3A-^hJK(i8-2 Onm 

[0012] jjE^wwssacoiBiKetfefcfcv^T. mrifi 
jiiiN) *mm?i>jM*imzk*mkb-ri>. ± 

*§£\ Krie^*;PV^A(i8x 1 0 13 atoms/cm 2 Jil±f 



-f:*ySEA3*U 1ulfi^U3y(i8X l 0 14 atoms/cm* 
JiLhT'-Y^vaAStL. f932BHMi8X 1 0 13 atoms/cm 
2 — 5X 1 O 14 atoms/cm 2 T'-f ^y&AZtl&Zk 

[0013] (ftffl) <Xt=. #fPJ!tf>fftflfcovvcftHH 

fc, i smog&Gac ± 9 mr ^TK^gfUBn 

T"CoSiX(i:Co 2 Si J; y&SrjA/l/hv-ynM FJi£#Jft 
U «we*RjE«0=iA/l'M8i£tt£U ^Wt'2[II@ 
c^Kmrafciorn^/UhyUir-f Fif £flfj£-T£CoSi 
X(±Co 2 Si £CoSi 2 fc^ffc^-tfT >— Ffflifii£ffiJa*vffc 

■t&kkhiz, awhisv-vj vm^mmco^mm 

[00 14] ZCOXo&TMItZXtHi. riA/H^y-tf- 
-f HJi*»J^*fcA<!01lllB«)r!MlSiatA2llIB^R 

^SW^hMWit: J: ^T«f»f^n, a^^U F >- 'J ^ 
F«cOX^M^c7)^{S|»±§ti.4. Ljb»fc, 2 0@O 

F U -tM HJHK «t 9 ?Sa?-fr -& 5 1 Lfc 
miCDm^mm^k^^h^V^ YMk<r>m 

[ 0 0 1 5 3 -f-tf) 1 0B(?M)!5«Sl<iOiaK* t 4 5 0'CJiLh 

HT, ^-y-f-Y FJi^^n^VUF^MtttliLT^y-^ 
y^ FJl{i:MOSF5>-^^<7)y-xa, Fl^^>- 

[ooi6] ^rjo. ^flw**»iar6fc»K-f ^rva 

[00 17] 

@$r^-fKffiH-C-fe.|». ^-T. HI (a) fcStiaK. 

yr? >mw.l<n> o *,locos »fl:K2fc:J:->T4Mt$n 
fc«l*»>SlBHtSR»fl:L. ZtllzZ^X&Z'ynm WS.<7) 

taocos Mftffi2o±tccvDis6fc:J: oisona m%.vm 
m-<nx y ^ y n yjK4 2r^-r ^ . 
[0 0 18] a*:. ai(b) {ZTjk-f&oiz, ^y^yn 
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>m4 mzm*-tfw,mz4 ^y&xLf^mz. >- y 

V r? yJH4 tcj; 0 hlffi 5 £®fiSc-f & . d V>mz. 

y-hmm5*-?x? tz&m txmtimm^ way 
mm i km :*>-&a lt^v ^w^m^m e zmfc-t 

h. -?-C0-f^-yaAOK-XS(i3x 1 0 14 atm/cm 2 X 
S>9. -e«X^=>r-lil OkeV T*2>S. 
[0019] C VDSK J: OlOOnm fflgCOmZcr, 

isv^ymimzmfoth. m^x. y-hws»± 

•yf-i^LT. 01 (c) fc^-ridt^UnvRfbil*' 

comz. ?-hmm5Z'?x7iz&mLxwLm$:i<>V3 
yw& 1 £4*yi&Lxm*Ffflfi&Km8 zmfct 

•f-cMtfJ/'&AOK— Xi{i2x 1 0 15 atm/cm 2 f 
-?-<7)SPax^;^-(i4 0keV Tft*. 
[0020] act:. 100 O'CT'l 0#HC9RTA*!UI 

t> fc: , Sv ^ft6ftSEA« 6 1 ^RWft^Ui 8 coat* 
*8Ht-ft;S-ttTHi(d) t^TJ:d*LDD«3ftiOV- 

v*Kit=»j«"rs. v—xm9k\*i"(y 

fiy'JaySSl^ffiK 1 0 0nrogJg£&-&. 
[002 1] 0 1 (e) fcjj^J: 9 fc. V-X 

«9, HW yfl O^^^^y/^-^AS:^^- 

wy« 1 ocommizT^uyrx (mot) mi iz 

JfttfL-tZ. *cr>4*y&MZ. H-X48X l 0 13 aW 

cm 2 jjuit**. ■iTtyw^otm^wv*?- 
v-*Ji9 t h'wyf i ocomi. r>t>m<r^ 

i ®m\mmmizT^)V7 rxm 1 1 ^mfcL&v^ 
*t=» < . $ (o k 5/ y -*m h -f jg 2 0 s mummx. 

[0022] JWfcWfcfcL in36»<?>»j«t J: o fc-rsS" 

y-r-f vmcomzizx&tf. y-xi9, Kwysi 

0CO^$AU 0 OnmcT)^-^. 2 0—4 OkeV gJgO^ 

mmz$>&. «wc % ^-yyr-^y-ymiz^oy-h 

VM 5 . V — 9 . K W MI 1 0 ■£tL-?tico$iMcr> 

isv^ywnm*mk-th. A 7 7r-H77iii, 7 
v»* 2 . 1 0 owsij-^c7)?i-^mt*s> 0 . zcomz 

[ 0 0 2 3 ] <^tC H2 (a) tC^-T «fc 3 t=£ttfcJ*$ 8 
— 2 0nmmKO3ys;;H- (Co) & 1 2 i; 3 OnnpgJgcOg 
40-9 y (TiN ) fill 3fc*AC-y*te.fc 0 MtoSffirt 

5mTorr . m.^WW^^T/Uzfy^'X^Mi 1 0 Osc 
cm. =?A;H-;?>— y«y htEpjD-f^iia[l:^S5r0.2W/c 



[0024] ffi-ffc*? yfit 1 3«0jfcft<0lRfc:«. 

^#H^£E^)S:5mTorr . ^SB|RA<9T^=*># 
*8»* 5 Osccm. M3ft#.XSfct£ 5 Osccm. fiMfcf-* 

[0025] -f-comtc , JJE Lfe ^ y "9-^ K-ftffl^ 1 13 
BJlOWlBaSrtfd. HP*>. H2(b)(C5r*-i5t:. MS 
XtiT/l-d'V^H^^T. 4 0 0—4 5 0°CT3 0& 
^CORTA (rapid thermal anneallingJ^JMSrfroT^' 

-h«®5. y-^.Ji9. Fi^-f yMi ocoztiZ'tw 

fcCo 2 Si XtiCoSiiO^-i.^y^h^y-^-f H*14** 
JBfiE^iiS. 3rfc. RTA^3&MOO°Cj:Oi>ffi< 3 Sr 
n^^h^-y-^-f HJ114Jl»«3it-f. a/t, 
4 5 0 ,, C e fc0i ) i«< 3 2rl»i:r^7rXill KOTO'S 
^ B B ^t;$^.S»<7)T-l!f^ L<*v». iOlll8)6«ffli«(c«, 
T^P7rXJil lcOigp^n^N'/l^hv-y-y-^ HS14 

0 *>&ipt>iffiikfkLX < hiiK JJELfc J: d fc:^v 

^ n&mxT^ivy rxmii tfmmt& z t < . 

[ 0 0 2 6 ] H 2 (c) fcjjrT J: 3 7 O'Ct^jD 

m VK&mtkm t r y^-r^m-^m. (h 2 o 2 : oh : 

H 2 0 =1 : 1 : 4) IZ 1 8 0S1BI«ft4 £ i OS-ft 
J-?ymi 3*B*U, «Wt"C«[l!i:JiiWk**<oii^ 

?S(H 2 S0 4 :H 2 0 2 = 3 : 1) 2 0^-P^tl. d fctCi 0 

[0027] a:ic. i^y-9-^ 

no. m*>. 12(d) te^-idt. fflRxur^^y 

^H^f^^^h i^y-*f-f N'Jl 1 4 £ 6 0 0°C~9 
OO'CcOiajg^H-CUD^-ri.. iiitiO. a^hS^ 
H«14{±Co 2 Si X<iCoSi*>ii>CoSi 2 CSEfcoT 
flSJK(tflrt-4. «I<0*&» 6 0 0-CtOtJP^fflSSrffi 
< fl. i: . CbSi 2 t tc < < oTffi^fii-fb* 5 31^T' 
#=5r<^rl). 9 0 OXHiLtX 0 i>jD»fflK^'i«< 
SrS t . b is y 1 4 tf>&CoM^# s ?gltaj 

[0028] d^a: Kl^^titzziJ^h^V-V^ HS 

*^F«fttelMil<0«-5fcffSS 1 fc-tSt. 0.5 ~2.0 

m&nz&t. z<wm^ a2(e) iat:, ±mz 
cvvm\,z5i ] oiQOm<7)mz<?)i'V?ymimi 5* 

T^-hm«§5. V-^.ii9S.lA'Kl/-<>'« 1 0<O±t 

^y?7y*—)V*ffifa\^tzmz^ mM20nm<r>^y 

fit 1 6 . Jiff 1 0 0n»*>»fcf-* VJR 1 7 . JRJf 5 0 0 
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nmOT/l'SJIl 8£jgj£U Zil^<7)3icr,m 16 — 1 

8 i y * h v v y v y < - m X -o X J* 9 - - V? L X 
—mm%y- h5\mmm 1 9 . v~x5\&wm2 0 , f 

[ 0 0 2 9 ] Srfc. ±fBLfctBHJjT-«:. T^U^r^Ji 

3>\ mm&t'mco7tm*4*y&ALxi>& 

y7t/7-9AIJ:8xl0 13 atoms/cm* J^LtT'f >}- 
y£A£*U ^'J3y|i8xlO u atoms/cm 2 tLhTM 
:*>iiA£*U fltS«8X 1 0 13 atoms/cm 2 —5X10 
'* atone/cm 2 !^ :*>7±A$*l-?>. 
[0030] ULh^J: 3 ktmiz X ^BfoZtltzM O S 
F v \,zi$W& 3;^ F y F/f l 4 (Dim 
l,zl±%; k'x; U 7 . y - ? ttsSAWJ £ ft 

\,z-o\\XVm$-& . 03(a) t^i-idH, x'Jny^ 
Kl ^T^^rX-fbL^^T-eoil-JKffl OnmCDrJ 

A/w F Jf 1 2 *»jfcLfcftfc:<KfcSc*-.t ? 1 *>38K 

[003 1] 03(b) MiK-fi-Ski, 3A/PFS 

1 2S.y^U3>-ffiKl 5-4 OOT^ng&Ut 
Co 2 Si X'^Ztit 3A/U F ^ U 1M FJf 14A>y0a> 
»«l<?>«Bfc:jg«S*ut. mz. 123(c) ^-TJ:p 
3 bisV-*M FJ1 1 4 U 3 >-g^ 1 2: 4 

5 0XrcfllSffeLfci:<r<5, rmVU^'J-tM FS 1 4£ 
Jfj£LTl^:Co 2 Si tfCoSUcStffcbTt. l^T, 03 
(d) IZvk-tXolz^ 3A;l-hyW KS1 4%Zt>t,Z 

6 0 0'CTDDf?ftL^i:J:^. CoSi^'CoSi 2 C^-fLU L 

3 F U 1M F'Jg 1 4 ^JlMWix;^ ?22 
3&^tTV^fc. *rafc3y^F£B£^Lfcf£<9CoSi 2 i: 
SicO-^ffiOBrBHSrTEMfR^L^fc^^). I4(c^t 
JidtSrO. *<0#ffitiDflfl*** 0 . &*-eift8 0niii?) 

[0032] friz. 05(a) (^-Tiat, v-'Jr?>-S 
«l**Hj^&»<T i Ert'7T:MI:UitMc. ^<73±^ 

J:d£lg2<7>§lit$:fT->?t. 05(b) tc^-fip 
ny^hai 225.t/^U3>-*«l ^4 0 0°CTiID 
SSUfcki*. Co 2 Si T^ix^A/UF^y-'M F« 
1 4 'J n ^SSt 1 aJifcJBjSSit, **>,6»fc:JiW 
H7t/l/7rxll l^^>/Co 05(c) tc^ 

•f <fc d 4 0 CCTSlBRS^utny^hJg 1 4&t/v- 
y 3 y 1 * $ h lz 4 5 0 'CXtm L £ Z h , 3>> < 

D-»M KS 1 4 £f|j£-f •g.CojSi A«CoSi^^) 
0 . L*-t> n hyijf>( HJB 1 4 ifiT^H-y r XJ1 
1 1 Sr^raALTt:. ^■LTn^VL'h^y-f'f H114 
cOJSHWiX^M 05(d) 
^•TJ; ^ nyNVl^b^U^ FJf 1 4 SrBV6 0 0°C 



TaDfiL/ii: CoSi 2 X'^tl&ZU^VY isWJ 
Vm 1 4*^fig$n, ^COim^iXJ^ 7 2 2ifi±t 

[0033]iX(c, 16(a) ^"TJ:a(3. y'Jnyi 
^lcO^gSraKrt^r^-fbLfc^tJUll OnmOT 
rjy^bgl 2£±«t, $t^^-nS3c0H^$: 
^Jt. ±-f, 06(b) ^•ridlc. 3^n';UNS12 
atXS^ U 3 1 S: 4 0 0"CT-jDl^ Lfc k i ^ . Co 2 S 
i X^fih artiv b-sWJ bM 1 4 *»V U a ymu 

lommizBf&Zti. ^rcnm^izim^T^^yrxm 

1 \ m^x. 06(c) tc^-ridtc. 400 

"CXtam^tltz^^biyV^ KSl 
SKI S:$^fc4 5 OtrtliflRUrt: 

HJB1 AJ&flUR-riCbjSi' 3&*CoSHC|5*)i3. -t^) 

xmn cvfeMteb-r tHznm&fc tx^ti. s ^ t > 

06(d) ^-riotc. art/Wis^-i h'Jgl 4$r|| 
I/6 0 0°Cti]D^Lfv:i:C:^. CoSi 2 TS^ft&nA^ 

h u h'/i 1 4 -e^M^ax^ M 9 

2 2^±-fr'-r, L*»t», ZcoTJjX'l&T^JUyrxmi 
[0034]fot, 3>^b>-U-9->f FJ1 1 4*^(0 

#i:^>ixl». U*»U ISMU^'J3yi2 3t:(i 

mmztem 2 ^-tx a v-xmms vmim 

?E t „ 7t;l'7rx| 1 1 rt^^coiStt-fttiS 5 0 

FJ1 1 4 fc V-X«/ F W Vifi:£7)3>^^ Fffiffi^' 
+^t<KM"C'#=5r<>5ri»„ initio, V-xlft^H 

[0035]^, i7(a) (C^-ridtC, i/'Jnyi 
^^iSrT^^rX-ffcL^tcJKJSl Onmcon^'^ 

fc. ^co^rtt. Tt;l/7rxll l^^S-aiE^ 
tttcbfc. flP*>, l@acojii^a^3^;Ph^'J^ 
FS 1 4 coTlzT^Jl-y rXlll L . ^ Jfc , 
6 0 orcOBSnffyyLaftiT^^^ rXJl 1 1 coo *>£0 

s^ B Q ffft l tz ^ u 3 y a 2 3 & 3 ; w f y w f a 1 
[0036] 07(b) i^-riaic 3A;ufs 

1 2S.t/^y3>-SK15r4 0 0 ,, CT'3 0^raSll^t^ 
td^. Co 2 Si T'^$ixl>3ys;;PF^i;^ FS 1 4 A* 

r*mi i-hm-itz. m^x. 07(c) (c^-r^a^. 

as-\)l> bisV-TJ Ffl 1 4 M/is y 3 1 £ $ £,£ 
4 5 0 o CT'3 0#^jDgiL^tC:^- 3y\-;UFx'J-9--^ 



(6) 
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r ).zv>o-h2. o mrf is y a ymminmw fremiti 

LtzttBb%~>tz. tfc, =7A/Phx',H7M YMl 4co 

1 L , Z tl h coif $ f i-£fK' 18.2 naiaTT* 

[00 37] 3 07(d) fcijc$-J: 3 fc:, =mVH» 
^y-tjM FHl4a.^U3>'*K15r6 0 0 , 'C-r3 0 
fWSL SM&Lsfc =m*/Uh^y-»M HJil4* 

Sl£LTV^CoSi#'CoSi 2 fcSrfl* fl£$j&*35. 2nm£ 
ff<$rofc. nv-Cyn^yiM KJil4ti>' 

'J 3 1 1 • 2 nnttX/C^Rt Lfc<0"C, 

[0038]^t, rmVU^y-tM FJf 1 4<7)TtC 

^qt-rsv-xs t fw 1 o o o-csjk 

ilfcrj: yrmVU^yiM FJfl 4k V-xm. h'W 

^iito^^^^ hSiii«^i(Fr'*o^. *Jt. cosi 2 

fcSiO#W«:TEM«KLfcfc£604tf)J:'3 3:»?Sj£ 

[00 3 9] kLhOC: Bl/1 1 Onm— 2 OnmOrJ 

A/H>$|£j£j£U ^fL$rmiHI@T'4 0 0'C~4 5 0 

ft 3 0 #raJP» LTCoSi 2 CO ^^)V hisWJ VIS 1 4 

-en^nojwpfcwu-cwi 8. 

2nm— 2 6. 4nmJjLh3 5. 2nm— 7 0 . 2nmJ^T<7)a? 
[0 04 0] ifc, Co 2 Si ^.{iCoSiiO^-S.^'J-f-^ K 

s 1 4 ^aaas-*-**^^ s^uim v&u&tmz oa> 
-37*^7 r^Jt 1 1 co¥m3,Mj&£mmzm<-f&i& 

{z4 5 o'QtXTX'T^vy r 1 1 crm^ms.*m 

[0041] #f&^ ^hi/ijff KJi*>y— 

SK*?i,^8fiWi . y wsum 9 t^-t i 3 k» 

is 'J =» 3 1 fcStttf-* TOfi ttffittV 3 2 O 
JJMBtfDriA/i'hi/y-tM KJf 3 3tejEtf)*E£EPJllL 

"CR'il!'*-*. 5 5 0^:. 3 0#^SSl[Hl@iORTA^ 
J: ->T nArt' h y -f -f KJf 3 3 LT-f-cof^tc:* 

Wkco. V—9WStt.>M TAW±com{% (HIT. y- 
7W3imZk^o ) Kov»T^M«*SIW13 2<WffiW 
010(a) -(c) iC^i 9 



%zwLm3 2cr>mmsk*$:z.xm&Ltzkz*>. mi 1 

(a) -(c) fcSH-JdfclsatfWfcftfc. 
[0042] ££>fc. 825-C. 3 0«»SiS2[I]gO 
RTAtCj;oTCc6i 2 J; 9 r?X;H- i^'JlM KB 3 

3 Lfc«<o 'j - ^«a«ftttov^Ttt«iteiyi 

3 2<7)M»£^;?.TPSL7t 012(a) —(c) 

tei^J:3$**a«»4>*u y-^«8SMfttt=o 

01 3 (a), <b) KSrti 3&l6«*«f&S>*ufc. 
[0 04 3 ] 01 0—01 3K«k*U£. 10KORTA 
of£o y - ? msiSfttte 2Ea<7)RTAc7)y-^ it gitff 

mz. yiv^=-^j±*&xLTT-mnmm3 2<r) 

[0044] 550°C. 30»ffloa51EIB^RTA* 
g-OfyyaT^h mkCO y - ^mSt#14 COV ->T^F 
««rt£fiMf3 20¥1iPBt*SeiTlHEUfci:C*. 01 
4(a) -(c) azj&t£*>H&Sktfi%t>i\. *3t. y-i? 
«Smttt=ov^T^i«*t6l!Wi3 20ffliaStSEiT» 
SUt^^. 115(a) He) fcijr*- J: o ZmSUm 

[0045]§^>tc:. 825°C. 3 0 #^§12 0 BO 
RTAlCj:oTCoSi 2 <t y h ytfW N'I3 
3 &^Lfc1^y-^«8mttfcov^^**RIMi 
3 2c0ffim^^.TPStfci:i^. 016(a) -(c) 

tz^tittsumbti. y-^*jiH*ttKo 

4. 01 7 (a), (b) IZ^X o*&mmt>titi. 

[ 0 0 4 6 ] 0 1 4-0 1 7 tiWf, ^ACO 
Jjty&XlzXVT^iVyrMtLtzig&lzte. V—7 
mWiniS:CDJ*7V*i±'J?%< . L*»fc^*EftffilWB3 2 
«Sfl«Ott#ttJ«6if^.6*i ! S:V^ iJcC, 20 
@<0RTA<0f*<03V^h^y-if>f KS3 3«'J-^f 

8&l>"01 9t>z9vct. 

[0047] 118, 1 9*^. nrtfrhWkifil OnmO 

-?nmMmz^xt,3.%>k"mmiz&$>ti%:^*K ^ 

iVhmZ 1 8nmi:J?< L^t^-a^A^-f 5j- 
[0048] ^:t3, 3VN';l-M10ff$2r 1 8nmi: LT3 

<r>?imzfrfrhL>-f. %i4ci/ux'b->tz. vxtcomm 
mmtz x ->x i> . a^ubrnzmm-zmzisv a ym 

m^iv-?—-o^A^v\^K\^XT : ^)vyrM ] cth 



(7) 
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[0049] 

<^MMIJi^±Jl»fci£a"CCoSi3WiCo2Si «t 0=6:43 
/■C/H^y+M h'JfSrflMU T*£cJ£03A/kh 

yiM HJit»«t-*CoSiXJ4Cb 2 Si £CoSi 2 fcSMfcS 
■frTffiffifittWi 1 1 fcK, nA/t-b^y-tM HJISrW 

cr>m&mms 2 tu s ofyaunoisi £ . 3 ; ^ v- ^ y im 

h'«^««7c«cOT^^«I*^^«*fc J: o T*Wf 
S £ 4: a*?* 4 . L*>i>. 2 0B<O«s«yitf3|Rfc, 

^-rwffiia (-€-<oi > t**4. 
[02 ] ^mi^-mmm^mimwnwmjLmz 
m-tmmm < 2 > -c#> 4 . 

[03 ] ta»<^3y^h^lHf-f FtfaBJRISfci&ofc 

[05] sA/l-hv-y^M HSr^-T4 ^OT^U^r 
[06] 3>K/Ph.^y-»M KSrm-rS^cor^^r 
IE37] *«HBo-saBKBt=*i^r. n^f^y-tf- 

[08 ] ^mwto-mimmx'Bi&zix&T^u? r x 
[09 ] ^ad*M<ay-?*»^*$£w^4fc 
[0io] «3fcfr8cic j oaassftfc 1 ma^aaf^tc 



mmcommiz x 4 y - ? «;8ic#e0T'& 4 . 

[011] fi£*;^£J:9^J&$il£10BMIf&t;: 

/USJlOffliifc: «fc 4 'J -^«8H$ttEI-C*4 . 
[012] ftjfcftffitc J: 0 »J££ 2 HI SfHSmStfO 
3 Y is y -»M HilOH«^ffiafc J: 4 U - ? «SE# 
tt0T'&4. 

[013] Wk-nmz j: o »«s 2 in b^h^ 

3^';W h y 1M H«(7)jgja*<?)ffla^ J: 4 y — 

[014] ^wm-mmmz&^x . 1 0B*Ma 

m<rm&<r)wmz£. 4 y -?*sH*ttErc** . 
[015] ^m^iry-mm&mziiwx . 1 mwnsm. 

mnmm&nttMiz x 4 y - ^aapBttercfc 4 . 
[016] *»w<o— sat»j»t:*j v ^t. 20 Bl^&a 

[01 7] *«WO-HJtJBIBfc:tJ^T, 2HlBS&i!!ia 
ftcony^ h ^y-ff-f FJfojf 2Ut<offijtfc: J: 4 y-^ 

[018] ^*^t*^BJ«-H«^Jt!K^v^ 

■c. 3/^hKco«wofflafc:j:->r2igBSR«!aa(c 

[019] «**ffifc*»^«)-llieKlltJtKt=ii^ 
T , 3/N';k hBKOiWWffiafc J: r> T 2 @ SJRWSttlc 

3^';ph>-yHf-f HJitfjy— ^»«a»«ir<o± dizm&h 
frzm^tzimm {%<n2)x-h%,. 

[02 0] tS**ffic03A'^hv-y-9--f H*tfDJB*XS 
&^-TI)tM0-CS)4„ 

1 j/ija^itt 

2 LOCOSBMblR 

3 y-MwuK 

6 ^FSe^AS 

7 -9->f H^*— ;P 

8 T-mm&^m 

9 y— j^jb 

10 YV-iVM 

1 1 Tt/U^rXil (^ASTJI) 
1 2 3yS7H-H 

1 3 mt*9>m 

14 3A/H->'yiM 
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[01] 



[02] 



(a) 



(al 



l2.Co 11^=^ U 13. TiN 



9 



to 



-2 

- 1 



(b) 



5 



3^ 




(C) 



9 



3< 



(c) 



n 



9 



S 
10 



3^2 



— .1 



(d) 



(e) 



I I 




Ge T | / G*+ 



(<J> 



(e) 



'A? 




10 



3-2 
I 




[04] 



[03] 



(a) 



(b) 



400 *C 

r/////////4 - |2 - c ° K\\\\\\\\\y <4 




Si- sub. 



<c> 



<d) 



45Q *C 



600 *G 



4 



22, *' (> r ? 



( I st. F.A.450 C.30min. *7* 3.79 h 



[09] 



31- 




(9) 



*SRPF9-2 5 1 9 67 



[05] 



[06] 



(a) 



(b) 



4QQ °C 



I I 



(a) 



A I 



-I 



(c) 



450 "C 



22' 



n 



A 



<d) 



600 "C 



-14 



(c) 



450°C 



(d) 

60O*C 



-23 



-23 
'I 



[07] [08] 




650 




(10) 
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[010] 

-s , 




^J± (V) 



[HI 1] 

1-0.3 5cm 




6 3 G 3 t2 o 



(1280^mft) 




(V) ^fi (V) 



(2560um&) 

I- 12.0 5cm 



i ' 




tBJ± CV) 



(11) 
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[012] 




G 3 6 3 12 15 



m£E (V) 





(12) 



$m^9-2 5 1 



(a) 



< 



(160 //m^> 




[Hi 5] 



1=0. 3 5cm 



(a) 




(1280x>mft) 1=3. 35cm 

- r > 



-s 




^JE (V) 



-8 
■3 

-10 
I I 
I ^ 



(2560/1 m^) 




3 6 3 12 
®± (V) 



(c) 



< 



1-1?. 95cm 




i 2 1 

O 3 



(13) 
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[B16] 

-5 . 





(14) 
[018] 



#if9-2 5 19 67 
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[mi 9] 




(16) 
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[02 0] 



(a) 



3-104 
3^102 



(b) 



105 
103 

106 



~I02 
101 



<c) 



105 



AC 



IOB 108 



I07 

lot 



(d) 




109 110 



(e) 



113 

1 13 < 113 

T 105 T 



109 IIO 



-102 
-IOI 



«BSJH»/l|«lfm'fKK±/hBa+1015#* 

«*JH*/ii*ffm+«ix±/hBa«t»ioiai* 

(72)»»t Jnf£ IEIS 

tfiRjiuwu'tm+RBjL/hBa+ioiHi* 



(72>fW» ftAfSJ « 

»3S5;ii»;ii«inii4'«K±/hfflf ioi5»tti 
(72) «w* w« 

(72) *ffl » 

(72>«w« a* 



